Abstract: We pilot tested a novel human factors-informed concept to identify infectious risk moments (IRMs) that occur with high frequency during routine intensive care. Following 30 observation-hours, 28 potential IRMs related to hand hygiene, gloves, and objects were expert rated. A comprehensive IRM inventory may provide valuable taxonomy for research, training, and intervention.
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Healthcare-associated infections (HAIs) are a major threat to patient safety on a global level. Repeatedly, scientific publications report extraordinary reductions of HAI rates in areas such as central line-associated bloodstream infections, ventilator-associated pneumonias, and urinary tract infections. 1, 2 Almost exclusively, these interventions target procedures with high per-procedure likelihood of HAI in case of procedural noncompliance.
Hands of healthcare workers (HCWs) are the most common vehicles for transmission of pathogens in hospital settings. 3 Thus, hand hygiene has been widely accepted as the leading measure for preventing HAI. 4 Each individual hand hygiene indication, however, represents a low-likelihood opportunity for transmission. Instead, the substantial overall risk on a system level lies in the cumulative high frequency of hands touching surfaces and patients, successively.
While hand hygiene is certainly a crucial measure to prevent transmission of HAIs, evidence suggests that transmission and infection occur as a result of additional unsafe moments during care. [5] [6] [7] [8] [9] [10] In consequence, we propose a novel, human factors-informed infection prevention concept. This concept suggests that infectious risk resides to a considerable proportion in seemingly innocent but frequent care-related manipulations at infectious risk moments (IRMs) that include-yet go beyond-indications for hand hygiene. We do this in the line of thought that led to the creation of the "My 5 moments for hand hygiene" concept, 11 utilizing human factors principles to incorporate a systems approach and increase chances for effectiveness and implementation success. Human factors is the interdisciplinary field that aims to optimize interactions between humans and their work environment in order to minimize errors, promote human well-being, and ultimately improve overall system performance (http:// www.iea.cc/whats/index.html).
This pilot study was conducted in a cardiovascular intensive care unit at the University Hospital Zurich. We aimed to test the feasibility of identifying and rating the risk associated with potential IRMs according to frequency of IRM occurrence and the associated likelihood of an infectious patient outcome, that is, colonization or infection. Sensitizing of observers. The observers-2 researchers with extensive experience in human factors and observation in healthcare (L.C., J.S.)-held several rounds of discussion with a senior infectious diseases clinician (H.S.) and read core literature on this topic. The aim of this process was to enable the observers to recognize a broad range of potential IRMs.
Observations. The scope of observations was to identify a comprehensive listing of potential IRMs deductively (on the basis of known transmission pathways and infectious disease pathophysiology) and inductively (using a systems perspective to identify previously undetected IRMs in the workflow). The observers (L.C., J.S.) each spent approximately 20 hours conducting observations in the intensive care unit. They took field notes and transcribed potential IRMs as short narratives (Table 1) . IRMs were collected independently of safe or unsafe HCW behavior. Sessions typically lasted 2-3 hours. The first 5 of 29 hours served as time for the intensive care unit staff to become accustomed to the presence of the observers, thereby diminishing the Hawthorne effect and allowing observers to gain understanding of care processes in this specific ward. Additionally, this time allowed the observers to gain understanding of the patient care processes in this specific ward. After every observation session, the research team discussed results to guarantee common understanding of the IRM concept. The observers sought a broad variety of care scenarios, typically including activities such as patient arrivals from the operating theater, in-and extubations, ultrasound examinations, and dressing changes. The researchers established a categorical frequency estimate for each IRM (ie, occurring less than hourly, approximately hourly, more than hourly).
Risk rating of IRMs. We chose an adapted Delphi method 12 to establish the likelihood of infectious patient outcomes of each observed IRM separately for colonization with multidrug-resistant microorganisms and infection. A purposeful sample of 9 infectious diseases and infection control clinicians with at least 3 years of specialized experience served as an expert panel. First, panel participants independently rated each potential IRM on a 5-item likelihood scale ranging Alternating between touching bedside touchscreen and touching patient without hand hygiene, given fact that touchscreen is frequently touched by other HCWs coming from hospital environment (eg, to silence an alarm) without hand hygiene
Alternating between writing in patient chart and touching patient without hand hygiene, given fact that chart is frequently touched by other HCWs coming from hospital environment without hand hygiene 2 1 3
Touching bedrail and then patient without hand hygiene after another HCW coming from hospital environment and touching bedrail without prior hand hygiene 2 1 2
Wheeling ultrasound machine next to patient bed, then alternating between using machine's keyboard and touching patient's abdomen without intermittent hand hygiene
Leaving patient to get dressing, cutting it to right size outside patient zone, then returning to patient and applying dressing to patient, all without hand hygiene 
results
Observations resulted in 28 distinct potential IRMs. We distinguished 3 categories for IRMs, namely those associated with hand hygiene, glove use, or objects. Table 1 provides the full list of observed IRMs and their corresponding likelihood rating and frequency estimate. The Delphi process resulted in an overall mean rating of 0.93 (standard deviation, 0.74) for the likelihood of infection and 1.87 (standard deviation, 1.04) for the likelihood of colonization with multidrugresistant microorganisms. Overall, the likelihood rating for colonization was higher than for infection, with the latter being rated nil in 8 cases. Three potential IRMs received the rating nil for both colonization and infection and consequently did not qualify as IRMs. Figure 1 displays the distribution of all validated IRMs in a frequency/likelihood matrix.
discussion
In line with our hypothesis, experts rated the likelihood of infectious outcome due to unsafe behavior at IRMs mostly low, with a lower likelihood of infection than colonization. The cumulative risk of negative outcomes following these seemingly harmless manipulations becomes substantial because of their high frequency on a system level. While this concept is not new in other fields concerned with risk management, to our knowledge this is the first time such an approach has been applied to infection control. It is a complementary extension of the classical infection control hot spots associated with a higher risk density, such as the insertion of central venous catheters. 13 This study illustrates that IRMs go beyond established indications for hand hygiene to include moments when glove use and physical objects may be associated with infectious outcomes. These dimensions have not previously been included in an overarching concept. The resulting IRM concept reflects the overall microbiological risk of a care environment and its behavioral dimension from a system-wide perspective. This is of practical value in various ways.
A comprehensive IRM inventory provides a basis for further patient safety initiatives. Educational interventions would most likely benefit from a systematic taxonomy, helping to establish a more global perception of infectious risks in patient care. Most importantly, the IRM concept provides practical opportunities through understanding of risk perception.
14 Risk is typically defined as a product of the likelihood of an event and the magnitude of its consequences. 15 We did not address the magnitude of consequences but estimated instead the frequency at which the IRM occurs. An IRM of high frequency/low likelihood and 1 of low frequency/ high likelihood would possess similar probabilities of infectious patient outcomes. If HCWs perceive only the risk associated with isolated IRMs, they will underestimate the overall consequences of unsafe behavior. The IRM concept lays the groundwork for future inquiry into HCW perception of risk and determinants of behavior at these moments in order to ultimately inform tailored interventions. 14, [16] [17] [18] Several limitations apply to this study largely because it was designed as a pilot to assess the feasibility of a larger project. The IRMs collected so far reflect a specific setting based on limited observations. Sampling saturation has neither been sought nor reached. Additional IRMs may be identified with extended time in the field and inclusion of additional settings. Moreover, while IRM frequency was only estimated, a future study would need to include structured quantitative observations to measure IRM frequency. Finally, the risk rating was limited in participants and cycles, and as mentioned before, the panel did not evaluate the magnitude of negative consequences following unsafe behavior during IRMs.
Other challenges, such as observer biases, are intrinsic to this type of research and will persist in a larger study. Involving multiple observers, investing in extensive observer training with frequent reflective discussions certainly helped to mitigate this potential bias. 19 Further, the lack of microbiological investigation in this study could be considered a limitation. Such testing, however, would be unfeasible, given the vast number of variables to be considered in the given scenarios. In light of this challenge, others investigating the transmission of infectious diseases have turned to agent-based modeling and simulations. 20 For our pilot study, we have looked to specialists in this domain to provide expert assessment of such risks.
In conclusion, this pilot study confirmed our hypothesis that a wide range of IRMs can be observed during routine patient care. The majority of IRMs concerned moments of hand hygiene, but others were linked to glove use and objects. On the basis of these results, building a comprehensive IRM inventory appears feasible. Such an inventory together with the proposed conceptual underpinning may help to advance the field of infection prevention by providing a standardized taxonomy for research, training, intervention, and evaluation.
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